production. Amongcellulase producers, some species of Trichoderma are known to be the most efficient cellulolytic organisms and their industrial mutant strains can secrete up to 40 g/1 of cellulase. As much as 65%of this cellulase is cellobiohydrolase 1 (CBH1), a major type of cellulase. The genes encoding this enzymefrom T. reeseiia) and T. viride3) have been cloned and sequenced. Thus, its strong and inducible promoter can be used in the production of heterologous proteins. Recently, the efficient production of several heterologous gene products with Aspergillus and Trichoderma was reported, strong promoters isolated from these hosts being used. At present, heterologous proteins efficiently secreted in fungi are mainly proteolytic enzymes, such as Rhizomucor miehei aspartic proteinase4) and calf chymosin.5)
Weare currently studying the potential use of T. viride for efficient foreign protein production. As the first step to develop a host-vector system with T. viride, the Takaamylase A gene with its own promoter and
Corresponding author. signal sequence from Aspergillus oryzae was introduced into this fungus. Although Takaamylase A was secreted and remained unaltered after a long period of cultivation, the efficiency of production of Taka-amylase A by the transformants was low.6) This may have been due to the weakness of the Aspergillus originating promoters in Trichoderma. Wedeveloped a transformation system for T. viride using complementation of its pyrG mutant with the pyr4 gene from Neurospora crassa.6) A transformation system based on such complementation suffers from the disadvantage of the difficulty in differentiating transformation and back mutation of the recipient.
As dominant selective markers, resistance genes to antibiotics such as hygromycin B have been successfully used for the transformation of several filamentous fungi.7~9)
In this communication we describe the efficient production of Taka-amylase A in T. Preparation of protoplasts and the transformation procedure were the same as described previously.6) The transformed protoplasts were plated onto nonselective medium, followed by overlaying of top agar containing hygromycin B, at a final concentration of 200jUg/ml, 16-18 hr later.
Media. The minimal mediumand other media for T. viride were described previously.6) For the production of Taka-amylase A in a 5-ml liquid culture in test tube, a basal medium comprising 2g KH2PO4, 4g (NH4)2SO4, 0.3g urea, and 5g P-cellulose (Wako Junyaku), pH 5.5, in one liter was used, and other reagents were added to this basal medium as described under Results.
DNAmanipulation and analysis of proteins. Chromosomal DNAwas isolated by the SDS-phenol method from T. viride protoplasts.1X) Plasmid DNAwas isolated by the standard procedure. Oligonucleotides were synthesized at the Gene Center for Gene Research ofNagoya University.
Site-directed mutagenesis was done using an oligonucleotide-directed in vitro mutagenesis system (Amersham Corp.), after the sequence had been inserted into Ml3 DNA.
Separation
of proteins on SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting using anti-Taka-amylase A serum were done by the standard methods. a-Amylase activity was assayed by the method of Saito12) at pH 5.0 (50mM acetate buffer and 10mM CaCl2 hybridizing with the probes detected. T98 and T99 are abortive transformants ( Fig. 2A, B) .
The integration event involved in the transformation was further analyzed. The results suggested that more than one copy each of the Taka-amylase A gene and the hygromycin B resistance gene were integrated into the chromosome of T92 (Fig. 3) . As the restriction map of the fragment which strongly hybridizes with the probes was similar to that of pCCA18, the two genes were probably a The a-amylase activity was measured after 48hr of cultivation.
integrated into the chromosome without any disruption, as in the form of vector plasmid pCCA18.
Expression of the Taka-amylase A gene in the transforman ts Since the Taka-amylase A gene was fused to the promoter and secretion elements of the cbhl gene, the expression of which is induced by cellulose and other chemicals, especially sorbose and sophorose, these inducers were added to the basal medium to examine the amylase gene expression in the transformants. The recipient showed low a-amylase productivity, about 20U/ml. Amongthe 6 transformants examined, only T92 produced much more amylase than the recipient did. Transformant T92 secreted 1 7000 U/ml a-amylase in the basal culture medium. Next, the effects of various nutrients on the a-amylase production were examined (Table I ). The production was repressed by the addition of glucose, peptone, and yeast extract at higher concentrations and enhanced by cellulose, sorbose, sophorose, and
Tween 80. These results proved that the Assumingthat the produced amylase has the same specific activity as the authentic enzyme, up to 0.6 g/1 of Taka-amylase accumulated in the medium. The amylase production was increased to about 1.0g/1 under more aerobic conditions than those in Table I , although other culture conditions were exactly the same. The secreted a-amylase was characterized by Western blotting. T92 secreted a protein with a molecular mass of 52kd, which is smaller than that of the glycosylated Taka-amylase (Fig. 4 ), but reacts with anti-Taka-amylase serum (Fig. 4A) . The amylase is one of the major proteins secreted by the transformant (accounting for approximately 30% of the total extracellular proteins, Fig. 4B ). Another major protein is probably the cellobiohydrolase 1 with a molecular mass of 62 kd. Degraded amylase was not detected in the culture medium ( Fig. 
4AV

Discussion
In this paper, we described an efficient heterologous protein production system in T. The production of Taka-amylase A by T92 was induced by inducers active for cellulase production. Cellulose, sorbose, and sophorose were reported to be the strongest among cellulase inducers and not to be effective for Thus, this production level is much higher than that obtained using the A. oryzae originating promoter element.6) Using this novel protein production system in T. viride, attempts to produce mammalian protein are in progress.
